INTRODUCTION
Risk assessment of exposure to manmade vitreous fibres is a worldwide major concern, and has caused particular problems in the European Union, where consensus must be obtained between 15 member states. Two expert workshops have been held in Paris (Bignon, 1994; and from these two primary issues have emerged: (1) the relationship between solubility and biopersistence; and (2) carcinogenic potential of MMVF in rodents. The German authorities (TRGS 905, 1994) disagree with most experts, because German experts believe that long-term inhalation tests in rodents are not sufficiently sensitive as a test of carcinogenic potential and that intraperitoneal injection (IP) tests are a safer basis for classification.
The German authorities propose that MMVF should be classified using a formula reflecting biopersistence in terms of chemical composition: KI = 2 (Na,K,B,Ca,Mg,Ba-oxide-2 x Al-oxide).
A fibre with KI < 40 will be classified as a possible carcinogen, unless an IP test at high doses (5 x 10 9 fibres) gives < 10% tumours. A French proposal has been provided to DGXI of the European Commission (French Proposal, 1995) taking into account results of the IP test and weight of evidence from all available data on toxicity and biopersistence. This paper presents analysis of the data on in vivo biopersistence, in vitro dissolution, IP results and the KI index which have been presented in these two proposals.
MATERIALS AND METHOD
The data which are analysed here appeared in the French Proposal (1995) . It has been updated according to the most recent reports. The in vitro accelular dissolution coefficients (Kdis) ( Table 1 ) are now based on Bernstein et al. (1996) . The half-time (7\ /2 in days) for WHO fibres and long fibres after inhalation (Table  2) are also based on Bernstein et al. (1996) . The half time (7\/ 2 in days) for WHO fibres after intratracheal instillation (Table 3) are based on TRGS 906 (1995) . The dose (TD25) in critical fibres to induce 25% tumours in an intraperitoneal injection
The relationship between four methods of assessing clearance or toxicity 305 Table 1 . Kdis based on dissolution of the network former (SiO2), fine fibres, measured at pH 7.4, at SA/V of 175-190 hem" 1 (Table 5 French Proposal, 1995 and Bernstein et al, 1996) (Table 4) are also based on TRGS 906 (1995) . The data was analysed by non linear regression (Statistica, 1995) .
Characteristics of fibres comparatively analysed
The sizing and the KI of the fibres are given in Tables 2-4 of the French Proposal. When not indicated, the KI is calculated on the basis of the chemical composition provided in the references. In vitro acellular solubility assays (Table 1) The in vitro acellular assays are based on a comprehensive physiological approach which attempts to mimic what happens in vivo, with the assumption that chemical processes will run in the same manner in vitro as in vivo (TRGS 906, 1995) . These in vitro acellular assays aim to evaluate the dissolution rates based on the kinetics of Si removal from the fibres in a fluid (Gamble's or derived solutions), at neutral pH (pH = 7.4-7.6) which is similar to the pH of the alveolar and interstitial fluids (Thelohan, 1994) . These studies are conducted using a flowthrough dynamic procedure.
Although a standardised protocol has yet to be agreed upon by the fibre industry, the results published by Bernstein et al. (1996) showed a satisfactory link at pH 7.4 with in vivo biopersistence studies in the rat by inhalation (Bignon, 1994) . Some authors have proposed to measure in vitro acellular solubility at pH 4.5, in order to mimic the pH existing inside the phagolysosome of the alveolar macrophage. It was not possible however to show a correlation between these measurements and the in vivo biopersistence of either short or long fibres (Bernstein et al., 1994 . For this reason measurements at pH 4.5 were not included in the French Proposal and therefore are not analysed here.
In vivo biopersistence studies (Tables 2 and 3)
These studies have been conducted according to two different methods, as described in the report on the 2nd MMF Workshop of September 94 in Paris (Bignon, 1994 ):
• by inhalation (IH) after a short-term (5 days) exposure (Bernstein et al., , 1996 Bignon, 1994) . During the Paris Workshop there was an international consensus regarding the protocol for conducting this test.
• by intratracheal instillation (IT) carried out according to the "Muhle" protocol . This test consisted of one or several instillations, with different doses (from 0.1 to 2 mg).
Long-term animal experiments by intraperitoneal injection (IP test) (Table 4)
The intraperitoneal injection test is also described in the report on the Workshop of September 1994 in Paris, although there was no consensus on the protocol to be used for this test. The results reported in Table 4 are from IP tests carried out by Pott et al. (Bellman et al., 1994) . The dose, in number of critical fibres (D > 2, L > 5, LID > 5), producing 25% tumours in this test (TD25) has been calculated by Pott and is presented in TRGS 906 (1995) .
Intercomparison of data by means of a multiregression analysis
In order to assess the reality of possible interactions of well characterised mineral fibres with the biological milieu, we compared and, when possible, correlated the different biological experimental results with the physical (D, L) and chemical index (KI) characteristics of several samples of chemically well-defined MMVFs. The data was analysed using non-linear regression (Statistica, 1995) .
Dependant variables were: Kdis, T m WHO IH, T m L > 20IH, T m WHO IT, T D25. Independent variables were: KI, median diameter (D50), median length (L50), mass injected. The estimated percent of variance explained is given for each calculation. For the mathematical extrapolation coefficients were used only when they could be considered significant (P < 0,05).
RESULTS OF THE INTER COMPARISON OF DATA BY A MULTIREGRESSION ANALYSIS

Correlation between KI index and in vitro solubility acellular index (Kdis)
The in vitro solubility (Kdis in mg cm 2 h) measured at pH 7.4 for 9 MMVFs is given in Table 1 . From these data, it appears that two fibres (B and C) with a KI 3 4 and 39 have also a high Kdis (> 300 ng cm~2h). These results suggest that a KI in the range of 40 might correspond to an in vitro dissolution rate in the range of 500 ng cirT 2 h; conversely, lower KI might correspond to less soluble fibres (Table 1 ). However, exceptions are possible, which need further investigation.
Such exceptions could be due either to a specific chemical composition or to an inadequate choice of the different parameters selected for the acellular in vitro assay, such as flow rate, pH or chemical composition of the test fluid. If we take the data obtained according to the Scholze and Conradt method (Thelohan, 1994) it appears that, for the nine MMVFs investigated, there was generally an excellent correspondence between KI and Kdis (Fig. 1) .
Correlation between KI and in vivo biopersistence after inhalation (IH)
Based on animal experiments carried out by Bernstein (1996) (Table 2) , the correlation between in vivo biopersistence (Ty 2 ) for WHO fibres and the AGS chemical index (KI) was acceptable (variance explained: 83%). At present, with the MMVFs investigated, the chemical index KI can be used as a predictor of the approximate outcome of in vivo biopersistence measurements (Fig. 2) . When using Ty 2 calculated on fibres longer than 20 urn which are also given in Bernstein et al. (1996) the correlation is slightly improved (variance explained: 94%) (Fig. 3) . Preliminary results of new biopersistence measurements after inhalation show that fibres with KI > 40 are indeed very "biosoluble". Preliminary results with fibres of low solubility or a low KI are coherent with the results presented by Bernstein (1996) and the numbers calculated here. Presently, there is one exception to the calculated correlation between KI and in vivo biopersistence after inhalation: preliminary results of in vivo biosolubility of the fibre (HT) with a negative KI of -40 showed a solubility equivalent to a fibre with a KI = +30. Comparison of these results with the TD25 however is not possible due to the lack of an IP study on this fibre.
Correlation between Kl and in vivo biopersistence after intratracheal instillation
The tests presented in Table 3 have been conducted with fibres of different dimensions and with the intratracheal instillation (IT) of different masses. The correlation is not very good (variance explained: 60%) when only Kl is used (Fig.  4) ; by contrast it improves when mass is added (variance explained: 83%), but it does not improve when diameter and length are involved. The instilled mass is a very important parameter in this type of test and as mentioned by Bellmann (1995) , the value of 7\ /2 of 45 days for fibre M753 (Kl = 23) cannot be compared to the other results because the mass instilled was only 0.1 mg. New experiments are in progress using the Muhle IT protocol in two laboratories. The preliminary results of these two IT studies show that the T V2 WHO of Kl > 40 fibres is in the order of 30 days. The analysis of these new results is in progress and will be reported when complete. If the IT studies follow what would be expected, the biopersistence measurements after inhalation the correlation with Kl would also be better for Ty 2 long fibres than for T 1/2 WHO fibres. This could not be confirmed as the T y2 for long fibres has not been published in TRGS 906 (1995) .
Correlations between Kl and the IP test in the rat
The aforementioned studies (in vitro acellular assays and in vivo biopersistence experiments), even if they correlate well to each other, need to be compared with the carcinogenic potential assessed by long term animal experiments. In order to be able to assess the statistical coherence of Pott's published data, similar experiments by intraperitoneal injection in the rat are needed. At present the statistical analysis is limited to the data published in Germany for the validation of the chemical index (TRGS 905,1994) (Table 4) . A more complete analysis with experiments conducted in different laboratories is under way, the preliminary results are not in contradiction with the conclusions:
• TD25 increases with the diameter for durable fibres.
• TD25 decreases with the length for all fibres.
• TD25 increases with KL In the French Proposal, as suggested by Pott, TD25, which is the dose necessary to produce 25% tumours in experimental animals, is presented as published in TRGS 906 (1995) . A multi regression analysis has been carried out taking into account length, diameter and KL Even if length and diameter are taken into account, the correlation between observed and calculated TD25 is not very good (variance explained: 49%). This is probably due to experimental conditions which were not comparable or to a poor assessment of the fibre geometry, length and diameter, but the Kl has a statistically significant influence on the TD25 (P = 0.005). Presently, it does not seem acceptable to base a classification as "probable" carcinogen of a fibre on the value of this index. Unless a better relationship can be developed, the animal experiments cannot be avoided for a definitive risk assessment. However, we still have to decide what should be the "Gold Standard" long-term animal experiment: inhalation or IP test? CONCLUSIONS On the basis of the statistical analysis conducted, the increasing values of the German chemical index appear to be associated with greater biosolubility. These
